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ABSTRACT:

Background: The albumin:creatinine

ratio and the albumin excretion rate

are both used to screen for microal-

buminuria and to determine if renal

function is declining. As well as hav-

ing the option of two main screening

methods in British Columbia, we

have two different reference ranges,

one used by community labs and one

recommended by the Canadian Dia-

betes Association.

Methods: To investigate the ability of

the albumin:creatinine ratio to accu-

rately predict microalbumin levels

we studied 109 consenting outpa-

tients from the St. Paul’s Hospital

Diabetes Centre. Subjects had at

least a 5-year history of diabetes

mellitus and negative or trace pro-

tein in their most recent urinalysis.

They each provided a spot morning

urine sample at a community lab and

a 24-hour urine sample. The albu-

min:creatinine ratio results obtained

from the spot sample were then

compared with the albumin excre-

tion rate results obtained from the

24-hour sample using Canadian Dia-

betes Association  reference ranges. 

Results: Based on the community

lab’s reference ranges, the albumin:

creatinine ratio was found to have a

positive predictive value of 0.603, a

negative predictive value of 0.931, a

specificity of 0.687, and a sensitivi-

ty of 0.944 when compared with the

24-hour albumin excretion rate. 

Conclusions: The reference ranges

recommended by the Canadian Dia-

betes Association provide albumin:

creatinine ratio results that lack sen-

sitivity and specificity. More impor-

tant,  the albumin:creatinine ratio

does not consistently identify pa -

tients with microalbuminuria and the

24-hour albumin excretion rate should

be used instead for this purpose. 

Background
Diabetic nephropathy is currently the
leading cause of end-stage renal disease
in the western world. This makes
being able to determine when renal
function is on the decline of vital im -
portance and explains why tests to
identify clinical microalbuminuria
have become standard for screening1

and treating nephropathy in patients
with type 1 and type 2 diabetes melli-
tus. Between 10% and 45% of patients
with microalbuminuria progress to
proteinuria,2,3 while 40% can revert to
normoalbuminuria with control of
hyperglycemia and hypertension.4

The two main methods used to de -
termine if a patient is microalbumin-
uric are the 24-hour albumin excretion
rate (AER) and the albumin:
creatinine ratio (ACR). Because of the

Does the albumin:creatinine
ratio lack clinical utility in 
predicting microalbuminuria?
This study finds that the albumin:creatinine ratio is less accurate
than the 24-hour albumin excretion rate when assessing the pos-
sibility of reduced renal function in diabetic patients.

Kevin W. Johns, BSc, Claire E. Robinson, BSc, Ian M. Wilson, BMLSc, Emma O. Billington, BSc,
Greg P. Bondy, MD, Hugh D. Tildesley, MD

Mr Johns, Ms Robinson, Mr Wilson, and
Ms Billington are research assistants, Dia-
betes Research, Division of Endocrinology,
at St. Paul’s Hospital, Vancouver, British
Columbia. Dr Bondy is clinical associate pro-
fessor of medicine and pathology at UBC
and associate director of the Lipid Clinic at
at the Healthy Heart Program at St. Paul's
Hospital. Dr Tildesley is an endocrinologist
at St. Paul’s Hospital and a clinical associate
professor in the Department of Medicine at
the University of British Columbia.



BC MEDICAL JOURNAL VOL. 48 NO. 8, OCTOBER 2006400

inconvenience of 24-hour urine col-
lection, the ACR has been adopted to
estimate urine albumin excretion
rates. The ACR has been shown to be
convenient, cost-effective, and effi-
cient in screening patients for microal-
buminuria when compared with 24-
hour collections;5 however, there is a
lack of consistent comparisons be -
tween the ACR and 24-hour AER.
Currently, the ACR is used extensive-
ly to determine the presence of
microalbumin and has even been uti-
lized as a gold standard when ascer-
taining the efficacy of other diagnostic
tests.6,7

Numerous studies have document-
ed the correlation of ACR results with
24-hour AER results.5,8,9 Chaiken and
colleagues obtained a correlation of
r =0.96 when comparing untimed
morning ACR results with 24-hour
AER results.5 However, most studies
involve subjects with clearly elevated
albumin levels (>30 mg/24 hours).
For instance, a study obtaining a cor-
relation of r = 0.8910 was based on
patients with an average AER of
55.7± 18.2 mg/24 hours and an ACR
of 4.46 ±1.28 mg/mmol—values well
above the Canadian Diabetes Associa-
tion (CDA) reference ranges for mi cro -
albuminuria.

Recent studies have also examined
the intraindividual variation in AER.
A study by Gomes and Goncalves
examined intraindividual variation in
normoalbuminuric patients compared
with patients who were intermittently
microalbuminuric (they had one out of
three results that were AER microal-
buminuric: 30–300 mg/24 hours) ver-
sus patients who were persistently
microalbuminuric. The largest intra -
individual variation was found in the
intermittently microalbuminuric pa -
tients,11 making the clinical interpreta-
tion of patients in this category con-
troversial. 

Another potential source of error

in interpreting ACR results lies in the
reference ranges for normoalbumin-
uria and microalbuminuria used by
community labs and the gender-specif-
ic ranges used by the Canadian Dia-
betes Association. The validation of
the CDA ranges using community lab
reference ranges is unknown.12

This study was conducted to in -
vestigate whether the ACR is clinical-
ly accurate in patients in the intermit-
tent stages of microalbuminuria, and
to evaluate the effect of using different
reference ranges when screening is
based on ACR results. 

Methods
All patients were recruited through the
Diabetes Centre at St. Paul’s Hospital
and signed informed consent forms. A
total of 109 patients (17 type 1, 92
type 2) were recruited for the study.
The St. Paul’s Hospital Ethics Com-
mittee approved the study protocol.
Participants were included based on
having a minimum 5-year history of
diabetes mellitus and a negative or
trace amount of protein in their urine
as measured by dipstick urinanalysis. 

Subjects visited any MDS Metro
community laboratory in Vancouver
before 10 a.m. and provided a urine
sample. At this time they were given
a container to collect their 24-hour
urine samples. No specific instructions
were given for fluid intake, physical
exercise, or dietary protein intake.

Subjects were asked to delay partici-
pating if they were menstruating or
had urinary tract infections at the time.
They were also asked to store the sam-
ple in the refrigerator and to add their
last void of the 24-hour collection to
the sample and return it to the same
community lab. Although samples
were obtained at various community
labs throughout Vancouver, they were
all analyzed in the same central labora-
tory.

The spot urine sample was ana-
lyzed to obtain the ACR value, and the
24-hour sample was analyzed to ob -
tain creatinine and albumin values.
Urinary albumin and creatinine were
measured using the Cobas Integra sys-
tem (Roche Diagnostics). Urinary
albumin was measured by the im -
munoturbidimetric method. Urinary
creatinine was measured by the kinet-
ic Jaffe reaction. Patient results were
excluded from the study if creatinine
excretion was not within the lab’s ref-
erence range of 7.1 to 17.7 mmol/day. 

The ACR was then measured
against the 24-hour AER. The 24-hour
AER was taken to be the gold standard
assessment of microalbumin ex -
cretion. Positive and negative predic-
tive values, sensitivity, and specifici-
ty were then calculated based on the
reference ranges in the .

Results
The 109 participants (65 male, 44

Table
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Albumin:creatinine
ratio (mg/mmol)

Albumin excretion
rate (mg/24 hours)

Protein excretion
rate (g/24 hours)

Community lab 
reference ranges

<1.70 <21.60 <0.15

CDA reference
ranges, females

<2.80 <30.00 <0.15

CDA reference
ranges, males

<2.00 <30.00 <0.15

Table. Normal reference ranges used by a community lab and recommended by the
Canadian Diabetes Association (CDA) to screen for microalbuminuria
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protein in urinalysis and no urinary
tract infection, between 25% and 45%
of those who have had an ACR test
performed will be miscategorized as
having microalbumin excretion when,
in fact, microalbumin is not present.
In addition, between 5% and 11% of
the population will not have microal-
bumin excretion recognized when it is
present.

ACR versus 24-hour AER
The ACR has poor specificity (68.7%)
and a low positive predictive value
(60.3%), irrespective of gender, when
compared with 24-hour AER samples
using a community lab’s reference
range. When gender-specific Canadian
Diabetes Association reference ranges
are considered, specificity remains
poor for men (68.1%) while appearing
somewhat better for women (86.7%).
Several previous studies have found
specificities in the low-80% range for
the ACR,13-15 but ours is the first to
demonstrate such a poor specificity for

the ACR versus the 24-hour AER. In
the case of positive predictive value, it
remains low when men (59.3%) and
women (66.7%) are considered sepa-
rately. This finding confirms previous
research by Lepore and colleagues,
who found that the low positive pre-
dictive value (68.2%) of the ACR
impeded its ability to determine
AER.16 Similarly, Hutchison and col-
leagues reported a positive predictive
value of 77.8%.17 In addition, using a
study design similar to ours, Houlihan
and colleagues reported positive pre-
dictive values of 68.9% (men) and
86.3% (women).13 These findings
demonstrate that the performance of
the ACR as an estimate of microalbu-
min excretion was suboptimal when
compared with the 24-hour AER. A
major implication of these results is
that a decision to prescribe lifelong
medication in an effort to prevent
nephropathy may be wrong one-third
of the time.

The ACR did have a high negative

female) in the study had an average
hemoglobin A1c at entry of 7.4 ±1.2%.
According to each patient’s most re -
cent dipstick urinalysis prior to partic-
ipating in the study, 103 patients had
negative protein and 6 patients had
trace amounts of protein (<0.3 g/L).
The mean patient age was 62.2± 12.2
years, and average duration of diabetes
mellitus was 15.3± 9.6 years. Seven
of the 109 patients were excluded: three
patients failed to have an AER analy-
sis completed, and four patients had a
creatinine value outside of the proto-
col range. 

Using the community lab’s refer-
ence ranges (1.7 mg/mmol for the
ACR and 21.6 mg/24 hours for the
AER) we obtained the positive and
negative predictive values, sensitivity,
and specificity of the ACR in the pre-
diction of 24-hour AER that are dis-
played in the . The results pre-
sented indicate that when given a
population of people with diabetes
mellitus who show negative or trace

Figure
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Figure 1. Positive and negative predictive values, sensitivity, and specificity of the albumin:creatinine ratio (ACR) versus the albumin excre-
tion rate (AER), using both community lab and Canadian Diabetes Association (CDA) reference ranges.
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predictive value, indicating that the
ACR is useful in determining when
patients are normoalbuminuric, but it
still cannot be relied on when making
a therapeutic decision such as diagnos-
ing early stage diabetic nephropathy.

A review of the literature regarding
microalbumin excretion revealed a
high degree of variability between
studies. Some studies compared the
ACR to an overnight AER, 14,16,18-20

while others used 24-hour AER.13,15 In
addition, some studies used first void
samples for calculating ACR14,16,18,21

while others used random collection
urine samples in their calculation of
ACR.13,20 Due to this variability in
study design, a range of sensitivities
from 80% to 100% were obtained. The
high degree of variability among study
results makes any conclusions about
the efficacy of the ACR difficult to
generalize. 

An increased sensitivity (94.1%)
was observed in males using Canadi-
an Diabetes Association reference
ranges. Female ACR analysis resulted
in a high specificity (86.7%) and low
sensitivity (72.7%), indicating that
the ACR is more accurate in identify-
ing microalbuminuria in a male pop-
ulation. This gender difference is in

contrast to results from a previous
study, which found that the ACR has
a high ability to predict microalbu-
minuria in both men and women.18

Additional influencing factors
The inability of the ACR to predict
microalbuminuria may be due in part
to variations in urine volume, which
affects the concentration of creatinine
and/or albumin within a sample. As a

result, inconsistent urine collection in
random samples can result in in -
creased variability in ACR results.18

Measuring urinary creatinine is a tech-
nique to correct for variations in urine
collection; however, the measurement
of creatinine can itself be a source of
variability.22 The creatinine excretion
rate depends on a stable glomerular fil-
tration rate.10 In microalbuminuric
patients, the glomerular filtration rate
can be altered and the creatinine vari-
ability can be increased. The coeffi-
cient of variation for urinary creatinine
can be increased by as much as 25%.19

Furthermore, creatinine excretion is
influenced by age. Recent research has
shown that as age in creases, creatinine
excretion decreases. Thus, an age-
adjusted ACR could result in a higher
specificity.21 Also, the variability of

creatinine and albumin excretion is
compounded by small sample size,
which can result in increased variabil-
ity in estimates of albumin excretion. 

Along with variability in urine
volume, a number of physiological
and pathological conditions can affect
microalbumin excretion rates. Elevat-
ed urinary excretion of albumin can
vary as a result of exercise, pregnancy,
febrile illness, inflammation, urinary
tract infections, slight urinary tract
bleeding, or benign postural protein-
uria.23 Compounding this, poly uria,
hyperglycemia, and hypertension can
alter microalbumin excretion.19,24 The
diurnal variation in AER results in a
30% to 50% lower AER during the
night,23 which indicates that a spot
sample may be affected by the time it
is taken and thus may not be consis-
tent with 24-hour AER results. Fluc-
tuating microalbumin excretion po -
tentially contributes to decreased
agreement between spot sample ACR
and 24-hour AER results. Microalbu-
min variation is determined by two
parameters: albumin passage over the
glomerular membrane and tubular
reabsorption. It has been well docu-
mented that the coefficient of variation
for urinary albumin excretion is
between 30% and 50%.19

Conclusions
Using results from a community lab
we have demonstrated the inadequacy
of the albumin:creatinine ratio as an
alternative to the 24-hour albumin
excretion rate in diagnosing microal-
buminuria. Furthermore, we have
illustrated that the current reference
ranges recommended by the Canadian
Diabetes Association fail to provide
ACR results with adequate sensitivity
and specificity.  We recognize that
Cana dian Diabetes Association clini-
cal practice guidelines state that two
out of three tests over 3 months must
be positive to confirm a positive re -
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A major implication of these results is that a

decision to prescribe lifelong medication in an

effort to prevent nephropathy may be wrong 

one-third of the time.
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sult ; 11 however,  a review of the 
literature found no support for this
consensus-based recommendation.
Ad  ditionally, we know that clinical de -
cisions are often based on a single pos-
itive ACR result.

Thus, while the ACR appears to
have utility in predicting normal mi -
cro albumin excretion as evidenced by
a single negative ACR having signif-
icant negative predictive value (>90%),
the utility of the ACR in predicting
true microalbumin excretion is low.
To predict true microalbumin excre-
tion, a 24-hour AER is required. Using
the AER rather than the ACR can help
physicians accurately categorize
patients and can prevent misdiagnosis,
unnecessary treatment, and undiag-
nosed proteinuria. 
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